We analyse the 100 pc Gaia white dwarf volume-limited sample by means of VOSA (Virtual Observatory SED Analyser) with the aim of identifying candidates for displaying infrared excesses. Our search focuses on the study of the spectral energy distribution (SED) of 3,733 white dwarfs with reliable infrared photometry and G BP − G RP colours below 0.8 mag, a sample which seems to be nearly representative of the overall white dwarf population. Our search results in 77 selected candidates, 52 of which are new identifications. For each target we apply a two-component SED fitting implemented in VOSA to derive the effective temperatures of both the white dwarf and the object causing the excess. We calculate a fraction of infrared-excess white dwarfs due to the presence of a circumstellar disk of 1.6±0.2%, a value which increases to 2.6±0.3% if we take into account incompleteness issues. Our results are in agreement with the drop in the percentage of infrared excess detections for cool (<8,000 K) and hot (>20,000 K) white dwarfs obtained in previous analyses. The fraction of white dwarfs with brown dwarf companions we derive is ≃0.1-0.2%.
INTRODUCTION
Low-and intermediate-mass main sequence stars (M < ∼ 8 ∼ 11 M ⊙ ) end their lives as white dwarfs (WDs; e.g. Siess 2007) . WDs are hence the most common stellar remnants and are one of the most common objects in the Galaxy. Given that WDs are compact objects and nuclear reactions have ceased in their interiors, their structure is supported by the pressure of the degenerate electrons in their cores. The energy reservoir available from previous evolutionary phases is contained within this degenerate core and radiated away through a thin envelope of nondegenerate matter following a moderately well-understood cooling process (see e.g. the review by Althaus et al. 2010 and reference therein for a thorough discussion of this issue). This envelope is generally formed by an upper layer of hydrogen of 10 −2 -10 −4 M ⊙ and a lower layer of helium of 10 −15 -10 −5 M ⊙ (see e.g. Castanheira & Kepler 2008; Tremblay & Bergeron 2008) . Due to the high surface grav-⋆ E-mail: alberto.rebassa@upc.edu ity acting on WD atmospheres, the heavier elements sink towards the deep interiors. Hence, the optical spectra of the majority of WDs show Balmer absorption lines typical of hydrogen-rich atmospheres, or helium absorption lines if this hydrogen layer is lost Koester & Kepler 2015) . However, 25-50 per cent of WDs show heavy elements apart from hydrogen and helium (Zuckerman et al. 2003; Koester et al. 2014) . These WDs are referred to as DAZs and DBZs, respectively, or DZs if only metal lines are observed. It is of vital importance to understand how these metals reached the atmosphere of those WDs.
Planets and minor planets located a few AUs away from a host star are expected to survive the giant phases once the star evolves out of the main sequence and becomes a WD (Burleigh et al. 2002; Jura 2008) . This implies the orbits of these planets expand, a rearrangement that causes instability to the system. This perturbation may cause some of the surviving minor planets to enter into the tidal radius of the WD and, as a consequence, to be disrupted and accreted (Debes & Sigurdsson 2002; Debes et al. 2012 ) during a process that can last a few Gyrs (Bonsor et al. 2011; Veras et al. 2013) . The accretion of planetary material leads to the enrichment of heavy elements in the atmosphere of the WD, explaining the identification of metal transitions in the spectra of such DZ WDs. An additional observational feature that arises as a consequence of the disruption of a minor planet is a dust and/or a gas disk within the tidal radius of the WD (Gänsicke et al. 2006; Xu & Jura 2012; Dennihy et al. 2018) . It has been observed that some of these dusty WDs are dynamically active ) and recently, transits from an actively disintegrating asteroid have been discovered for the first time around a dusty WD (Vanderburg et al. 2015) . The observational feature of dust disks around WDs is the detection of infrared (IR) excess (e.g. Zuckerman & Becklin 1987) . Apart from a few exceptions (Xu et al. 2015; Wilson et al. 2019) , the great majority of dusty WDs display also traces of heavy elements in their atmospheres. The dust disk occurrence is about 1-4% for WDs Rocchetto et al. 2015; Wilson et al. 2019) . For less than 0.5% of the cases, the excess arises from the existence of a sub-stellar brown dwarf companion (Farihi & Christopher 2004; Farihi et al. 2005) . It is also possible that the IR-excess arises from the presence of low-mass star companions that are outshined in the optical by the flux of a relatively hot WD (Rebassa-Mansergas et al. 2010; Badenes et al. 2013; Rebassa-Mansergas et al. 2016) .
The presence of metals in the atmosphere of a WD provides unique information about the composition of the accreted material (Klein et al. 2010; Gänsicke et al. 2012; Hollands et al. 2018a) , which is found to be chemically Earth-like (Wilson et al. 2016) . Pollution rich in water (Farihi et al. 2013; Raddi et al. 2015) as well as water/ice-rich and volatile-rich (C & N) (Xu et al. 2017) has also been observed. Unfortunately, the current number of confirmed WDs by Spitzer observations displaying infrared excess due to a circumstellar disk is just 35 (see the recent review by Farihi 2016 and reference therein), which makes it difficult to characterise the properties of extreme planetary systems. In this work we aim at identifying additional IR-excess WD candidates, in particular those with a circumstellar disk, by analysing the most complete and volume-limited sample of WDs to date, identified thanks to the data provided by the second release of the Gaia mission.
IDENTIFICATION OF INFRARED-EXCESS WHITE DWARF CANDIDATES
The data provided by the Gaia satellite through its Second Data Release has allowed identifying unprecedented samples of both single and binary WDs (e.g. El-Badry & Rix 2018; Gentile Fusillo et al. 2019) , as well as compiling the largest and most complete volume-limited catalogue of such objects to date within 100 pc (Jiménez-Esteban et al. 2018) . In order to identify WDs with IR excess we took the sample of Jiménez-Esteban et al. (2018) of 8,555 objects at less than 100 pc and with G BP − G RP colours below 0.8 mag available at "The SVO archive of White Dwarfs from Gaia" 1 . (Hewett et al. 2006), and WISE (Wright et al. 2010) . Additionally, we made use of the Spitzer Enhanced Imaging Products (SEIP) catalogue (Wu et al. 2010) , which is presently not included in VOSA. To avoid potential mismatches we used the Gaia proper motions to calculate the corresponding Gaia coordinates at the J2000 epoch, used by all other surveys considered 3 .
From the original list, we filtered out objects with less than three reliable IR (>12,000Å) photometric points in their SEDs. Reliable photometry implies data not affected by contamination from nearby sources, artifacts or quality flag issues (Qflg U in the J and H bands for 2MASS; ccf=0 and qph=A/B in the W2 band for WISE; ppErrBits<256 for both VISTA and UKIDSS). This resulted in 3,733 selected Gaia WDs. In order to explore the possibility that our selected sample is representative of the overall WD population we compared the corresponding WD effective temperature and mass distributions (see Section 5 for details on how these parameters are derived) to those arising from the catalogue of Gaia DA WDs within 20 pc of Hollands et al. (2018b) . This is not only a volume-limited and complete sample, but also all 20 pc WDs have available effective temperature 2 http://svo.cab.inta-csic.es/theory/vosa/ 3 Ideally, for high proper motion objects one would require to work out the Gaia coordinates at the exact epoch of observations of the other different surveys. However, VOSA uses a search radius of 5", which means a WD needs a proper motion higher than 330 mas/year to move more than 5" in 15 years (J2000 to J2015). Less than 1% of the 8,555 WDs within 100pc from Jiménez-Esteban et al. (2018) have such high proper motions. Therefore, not calculating the Gaia coordinates at the exact epoch of observations of the other surveys has a very low impact. Table 1 . List of the 26 co-moving WD+M systems found in this work. Coordinates, parallaxes and proper motions are from Gaia DR2. The object names are obtained from Simbad and the effective temperatures have been estimated as described in Sect 2. * in the second last column indicates that we were not able to estimate T eff due to the lack of enough good photometric points to run the SED fitting. In these cases, the spectral types for the cool components were estimated using the G-G RP colour and the calibration provided by Pecaut & Mamajek (2013 (1) El-Badry & Rix (2018); (2) Table 1 ). The abrupt jump at IR wavelengths indicates that more than one object is contributing to the stellar flux. The vertical dashed line marks the wavelength at which VOSA detects excess (understood as a significant change in the slope and/or a clear deviation from the photospheric flux predicted by the model). The yellow inverted triangle indicates that the photometric value is an upper limit. Top right: SDSS image showing two partially resolved objects. Red bullets represent SDSS sources while the green square indicates the position of the single WISE catalogue entry for the two sources. Bottom panels: The SEDs of the individual objects built using photometry from surveys of higher spatial resolution (SDSS, PanStarrs) along with the best fit models and their associated effective temperatures. Photometric errors are too small to be seen. and mass determinations. Kolmogorov-Smirnov (KS) tests yield probabilities of 10 −5 (4.4σ; effective temperature) and 0.55 (0.6σ; mass) for our and the 20 pc Gaia samples to be drawn from the same parent population. If we exclude cool (<6,000K) WDs from the 20 pc sample, the effective temperature KS probability increases to 0.16 (1.4σ). We thus conclude there are no strong indications for our sample not to be representative of the overall WD population, except at effective temperature values under 6,000 K. The lack of such cool WDs in our sample is not surprising since these are excluded by our imposed G BP − G RP < 0.8 colour cut.
The observational SEDs of the 3,733 selected objects were compared to the hydrogen-rich WD collection of theoretical model atmosphere spectra of Koester (2010) (see Sect. 4.1 in Jiménez-Esteban et al. 2018 for a detailed description of the main characteristics of this grid of models) to identify IR excesses. To that end, VOSA first executes an iterative algorithm which is an extension of the method described in Lada et al. (2006) . Starting at λ ≥ 21500Å, VOSA computes the slope of the linear regression of the observational SED in a log νF ν vs. log ν diagram. This slope is recomputed by adding new infrared photometric points at every step. If, in any of these steps, the slope becomes significantly smaller (< 2.56) than the one expected from a stellar photospheric emission, VOSA flags the object as potentially affected by IR excess and photometric points at longer wavelengths are not taken into account in the SED fitting process for deriving the WD effective temperature and luminosity.
Once the SED fitting is completed, VOSA performs a further refinement of the IR excess estimation by comparing, for each photometric point, the observational flux to the synthetic flux obtained from the model that best fits the data. Significant (> 3σ) deviations in the observational flux are flagged by VOSA as potential IR excesses. A detailed description of how VOSA manages the infrared excess can be found in the VOSA documentation 4 . After this process, VOSA identified 377 WD candidates to show IR-excess among our initial 3,733 objects.
In a first step, we visually inspected the optical (Pan-STARRS1, SDSS and DSS) and IR (2MASS and WISE) images of the 377 sources using Aladin 5 (Bonnarel et al. 2000) . The VOSA SED fittings were also checked. We removed a total of 221 sources (58%) from our target list mainly due to the WISE poor spatial resolution (6 ′′ beam size), which causes a significant number of false positives due to contamination by nearby sources. This contamination rate is slightly lower to that found by other authors (75%, e.g. Barber et al. 2016) . Of the remaining 156 objects, 38 were identified as co-moving systems by using Gaia parallaxes and proper motions, as well as photometry from surveys where the components of the systems appear spatially resolved. Most of these objects can be easily identified by the jump in their SEDs at IR (mainly WISE) wavelengths. This jump is caused by the sum of the fluxes of the nearby sources that form the system due to the WISE spatial resolution (see an example in Figure 1) . 26 of the 38 co-moving pairs were identified as WD+M systems, most of them already reported by El-Badry & Rix (2018) (see Table 1 ). Effective temperatures were estimated using VOSA and the Koester (2010) and BTSettl (Allard et al. 2012 ) models for the WD and the M star components, respectively. The other 12 systems are reported in Table 2 .
Of the remaining 118 WDs, one has associated two entries in the Gaia DR2 catalogue separated by less than 2 ′′ (Gaia IDs: 883243467325018496 / 883243467323599616). The differences in parallaxes and the SED analysis made with VOSA conclude that the secondary component causing the IR excess is, most likely, a background M giant. Similar cases are the sources 2612592841965015424, 2564424130905288192, 63846445499673472, 2969841487138850560, 5657351404992422784, 3650552739370519680 and 1316268323580640256, the latter studied by Barber et al. (2014) who confirmed the IR excess arises due to the contamination of a background object.
From the final list of 110 selected WD candidates, 77 benefit from IR photometry at both near and mid IR wavelengths and 33 just at mid IR wavelengths. Tables 3-4 list the 77 WD selected candidates with available near and mid IR photometry, 52 of which are new discoveries not yet known to host disks, brown dwarf or low-mass companions. The effective temperatures and radii (derived from the StefanBoltzmann equation) associated to the IR contribution's sources are estimated from the composite SED fitting. For this, VOSA uses a range of values around the white dwarf T eff and log g obtained from the single best fit using the Koester (2010) models together with a blackbody with T eff < 5,000 K. For WDs, the errors in effective temperatures arising from the composite SED fitting are given by the step of the grid of models, which changes with T eff . The step in the grid of blackbody models is set to 25 K. Table 5 summarizes the information of the 33 targets having only IR photometry at mid IR wavelengths. The SEDs of these IR-excess candidates are poorly populated and hence it is difficult to asses whether or not the detected excesses are real. Another important issue of only having at hand mid IR photometry is that it is hard to asses if the excesses arise from a dust disk or a companion. It is worth noting that for one of them (Gaia ID 128198912443928691) the IR excess has been confirmed to arise due to a circumbinary disk (Farihi et al. 2008b ). However, to avoid including a large number of potential false positive detections in our list, these WDs will not be considered further in this work.
More information about the final 77 selected candidates for displaying IR excess with available photometry at both near and mid IR walelengths, including a visualization of (1): Binary system formed by a red giant (K2 III) with a confirmed extra-solar planet and a white dwarf (DA3). their SED fitting, can be found at the SVO archive of WDs with IR excess from Gaia DR2 6 .
METHODOLOGY ASSESSMENT
The efficiency of our methodology was assessed using the false negative rate, i.e. the fraction of known IR-excess WDs that were not rediscovered in our search. In particular, we compiled a list of 24 WDs at less than 100 pc and with IR excess confirmed by Spitzer. 20 objects (83%) were identified using our methodology and are included in Tables 3-5 . The remaining four objects were not identified due to the following two reasons:
(1) Contamination of the WISE photometry due to the presence of a nearby source (WD1929+011 and WD0950-572). It is worth noting that these two objects are not included in the SEIP Spitzer catalogue, otherwise VOSA would have very likely detected the IR excess.
(2) Unreliable WISE photometry in W3 and W4 bands (WD2132+096 and WD2328+107). These targets are not Table 3 . List of the 77 WDs found in this work displaying IR excess and with at least three photometric points spread out between near and mid IR wavelengths. 52 are new discovery candidates. Effective temperatures were calculated as described in Sect. 2 while coordinates have been taken from the SVO archive of White Dwarfs from Gaia. Surface gravities and masses are obtained as described in Sect. 5. Note the blackbody radii provided for the dusty WDs have no physical meaning. For WDs, the errors in effective temperatures are given by the step of the grid of models, which changes with T eff . The step in the grid of blackbody models is set to 25 K. The second-last column indicates the expected cause of the IR excess (either circumstellar disk or companion; in italics) resulting from the visual SED inspection. The last column indicates the same but based on the IR colours (Fig. 2) and the mass of the WD (in italics; note the classification based on the WD mass is only provided for four low-mass WDs expected to be in close binaries and it is indicated after the IR colour classification following /). Also indicated are the confirmed disks and brown dwarfs by other studies. In these cases the classifications are not given in italics. In bold face we indicate the assumed final classification for each object. included in the SEIP Spitzer catalogue neither, hence VOSA could not detect the IR excess. These results confirm the robustness of our methodology (a success rate of 83%) to identify WDs with IR excess. We therefore assume our IR-excess sample to be 83% complete. It is also important to note that if we take into account that the four objects that we could not recover were identified from publicly unavailable Spitzer data (i.e. data not included in the SEIP catalogue), then the success rate of our method would increase to 100%.
Gaia
Assuming an IR-excess completeness of 83% for our sample does not imply that we have discovered 83% of all WDs displaying IR excess within 100 pc from the Sun. First, we are basing our methodology assessment on confirmed WDs with IR excess by Spitzer, therefore there may exist WDs without Spitzer data and displaying IR excess that we are not taking into account and that are consequently missed by this and all previous studies. Second, and more important, we are only considering 3,733 objects with reliable IR photometry and with G BP − G RP colours below 0.8 mag within our Gaia 100 pc sample.
CHARACTERIZATION OF THE SAMPLE
It is widely accepted that there are three main possibilities to explain the IR excess detections in WDs such as those listed in Tables 3-4 : the presence of a brown dwarf companion, the presence of low-mass stellar companion and the existence of a circumstellar dust disk. To discern the origin of the IR excess we follow two different approaches, namely the use of a colour-colour diagram and the visual inspection of the SEDs. The classification of IR-excess origin based on these two methods are provided in the last and second-last columns of Tables 3-4, respectively.
We use the colour-colour diagram proposed by Barber et al. (2014) . Fig.2 compares the IR colours of the 54 WDs with excess included in Tables 3-4 and with good 2MASS (Qflg U in the J and H bands) and WISE (ccf=0 and qph=A/B in the W2 band) photometry to those of M, L, T dwarf stars and brown dwarfs. 15 objects (pink bullets in Figure 2 ) have been classified as dusty WDs in the literature, while for one object (green bullet) the IR excess has been ascribed to the presence of a BD companion. 31 objects (black bullets) are located well apart from the stellar/brown dwarf loci, and we hence classify them as dusty WDs based on their IR colours. Two objects (yellow bullets) lie either near the brown dwarf locus or near a confirmed WD+BD binary as we thus classify them as WD+BD candidates. For one of these objects (Gaia ID: 152740654933891072) the morphology flag of the UKIDSS catalogue indicates the possibility that this source was extended at more than one bandpass, which is an additional evidence supporting the hypothesis that the IR excess is due to nearby brown dwarf. The remaining five (black triangles) lie in colour regions expected for T brown dwarfs where also confirmed dusty WDs are located, therefore it becomes difficult to asses the origin of the IR excess in these objects. We explored their quality Table 5 . List of 33 IR-excess WD candidates with available phoflags associated to the Gaia astrometry. Following the latest recommendations published by the Gaia ESA team in the Known issues with the Gaia DR2 data web page 7 , we defined sources with good astrometry as those having the renormalised unit weight error (RUWE) < 1.4. Sources having a higher value of RUWE may have a worse astrometric solution due to different effects, one of those being the presence of a close companion. However, we got a value of RUWE<1.4 for the five objects, which prevented us from discriminating between a disk or brown dwarf/low-mass star origin of their IR excesses.
In order to further explore the origin of the IR excesses we visually inspected the SEDs of the 77 candidates. Eight of them benefit only from J 2MASS and WISE photometry, hence we do not have enough information at hand to reach a conclusion. In these cases we flag the origin of the excess as unknown (? in the second last column of Tables 3-4). For eight additional objects the IR excesses arise at the J and/or H bands, which supports the idea of these WDs being in binary systems with either low-mass stars or brown dwarf com-7 https://www.cosmos.esa.int/web/gaia/dr2-known-issues panions. Two objects (Gaia IDs 2588874825669925504 and 5135466183642594304) are in fact confirmed, and one more (152740654933891072) is a candidate to harbour a brown dwarf based on its IR colours (Fig. 2) . These objects are flagged to harbour companions in the second-last column of Tables 3-4 and we include the brown dwarf classification of the three discussed targets in the last column of the same tables. The SEDs of 61 WDs display IR excess at K-band or longer wavelengths, characteristic features of circumstellar disk candidates. These objects are hence flagged as such in the second-last column of Tables 3-4.
DISCUSSION
We have identified 77 IR-excess WD candidates within the 100 pc Gaia WD catalogue, 52 of which have not been published before (see Tables 3-4) . The WD effective temperatures are derived fitting the photometric SED of each WD using VOSA (Section 2), which together with the bolometric luminosities (also provided by VOSA by making use of the Gaia parallaxes) yield the radii of the WDs from the Stefan-Boltzmann equation. The WD masses are estimated interpolating the radii and effective temperatures obtained in this way in the WD cooling tracks for hydrogen-rich, DA, atmospheres of Renedo et al. (2010) , following our procedure described in Jiménez-Esteban et al. (2018) . Given that Gaia DR2 does not provide stellar spectra, the reliability of the determined masses relies on the assumption that all our WDs are DAs. As we showed in Jiménez-Esteban et al. (2018) , the contribution of DB (helium-rich) WDs to the sample of WDs with determined stellar parameters should be no higher than ≃6%. The average uncertainties that are introduced when assuming DA models when deriving the effective temperatures and masses of DB WDs are 1700±1680 K and 0.08±0.06M ⊙ , respectively, where the errors are the standard deviations. These values are obtained comparing the stellar parameters calculated by Jiménez-Esteban et al. (2018) for 152 common SDSS DB WDs in the spectroscopic catalogue of Koester & Kepler (2015) with relative error below 10% in effective temperature and surface gravity errors below 0.05 dex.
Four WDs have determined masses under 0.45 M ⊙ , which indicates these objects are likely members of close binaries with sub-stellar or low-mass companions (from which the IR excess likely arises) that formed through common envelope evolution. Another possibility is that these are non-DA WDs, in which case the masses cannot be considered as reliable. The four potentially low-mass WDs have the following Gaia IDs: 2588874825669925504 (LSPM J0135+1445), 3329569015639064192 (LSPM J0602+0904), 5490140356700680576, 1900545847646195840 (PM J22299+3024) . LSPM J0135+1445 is a confirmed WD+BD binary (Steele et al. 2013) . 3329569015639064192 is classified as a disk candidate based on its SED, which supports the idea of this WD being of a non-DA spectral class. 5490140356700680576 is classified as a companion and brown dwarf by its SED and IR colours, respectively, which strongly indicates this WD is indeed part of a close binary. Finally, the SED and IR colours of 1900545847646195840 indicate a companion and disk origin, respectively, and therefore more information is required (e.g. IR spectroscopy) to confirm this WD is in a close binary system.
The effective temperature and mass distributions for the 60 WDs in which the IR excess is confirmed/expected to arise from the presence of a circumstellar dust disk (indicated in bold face in the last two columns of Tables 3-4) are illustrated in Fig. 3 . Inspection of the Figure reveals the effective temperatures are concentrated between 6,000-20,000 K, with a peak at ≃9,000 K. No WDs are found below 6,000 K due to the G BP − G RP < 0.8 mag cut we imposed in Section 2. The drop of IR-excess WD candidates above ≃20,000 K is in line with previous studies (e.g. Bergfors et al. 2014; Barber et al. 2014 Barber et al. , 2016 . The physical mechanism causing this could be that the accretion of the material onto the WD is supplied by a pure gas disc, which results from the sublimation of optically thin dust due to the high effective temperatures (Bonsor et al. 2017) . A drop in the fraction of IR-excess WDs below ≃8,000-10,000,K is also reported in previous works (e.g. Bergfors et al. 2014 ), a result that favours a positive correlation between the WD effective temperature and the detection of IR-excess. In the top-left panel of Fig. 3 one can clearly see the same tendency, i.e. the fraction of cool ( < ∼ 8,000-10,000 K) WDs displaying IR excess decreases. However, since the Gaia 100pc WD sample is volume-limited and hence dominated by WDs cooler than 10,000 K (Jiménez-Esteban et al. 2018), the peak of the effective temperature distribution occurs at ≃9,000 K rather than at higher temperatures (see the top-right panel of Figure 3) .
The mass distribution of the WD candidates for displaying IR excess due to a circumstellar dust disk is clearly Figure 3 . Left panels: WD effective temperature and mass distributions in logarithmic scale. In gray we show the entire 100 pc sample of Gaia WDs with reliable IR photometry, in black those WD candidates to show IR excess due to a circumstellar disk (Tables 3-4). Right panels: the parameter distributions in linear scale of the WD candidates to show IR excess due to the presence of a cirsumstellar disk. The WD masses above 1M ⊙ should be taken with caution, especially for those objects displaying IR excess, since these are possibly non-DA WDs.
dominated by ≃0.6 M ⊙ objects. Indeed, ≃50% of the objects have masses between 0.55 and 0.65 M ⊙ . It is worth mentioning that three WDs have masses above 1M ⊙ , one of them near the Chandrasekhar mass limit. The masses of these WDs should be taken with caution since there exists the possibility these are non-DAs. WDs more massive than >0.8 M ⊙ are not generally found to display IR excess (Mullally et al. 2007; Barber et al. 2016) . This is also observed in our mass distribution, where only ≃5% of the objects are located in the 0.8-1.0 mass range.
Based on the 60 confirmed/expected dusty WDs in Tables 3-4, we calculate a fraction of IR-excess WDs due to the existence of a circumstellar dust disk of 1.6±0.2% 8 . As we have already mentioned, the detection of IR-excess seems to be positively correlated with the WD effective temperature. Thus, if we exclude all WDs with effective temperatures below 8,000 K from our sample, the fraction of IR-excess WDs increases to 2.3±0.3%, as expected. For completeness, we provide the fractions at different effective temperature bins in Table 6 , where one can see the values gradually decrease as soon as we move towards cooler effective temperatures. The fractions we derived are in excellent agreement with the 1-5% measured percentages by other studies Barber et al. 2016; Bonsor et al. 2017; Wilson et al. 2019) . It has to be emphasised however that these values should be considered as lower limits, since many WDs in , where N tot is the total number of WDs and frac is the IR-excess fraction of WDs. Moreover, if we take into account that we assumed our IRexcess sample to be 83% complete (Section 3), this implies a completeness-corrected fraction of 2.6±0.3%. Our sample of 77 IR-excess WD candidates contains two confirmed WD+BD binaries (LSPM J0135+1445 and GD 1400) and two more that are also likely to harbour brown dwarf companions: PM J04339+2827 (Gaia ID=54901403567006805) and 549014035670068057 (yellow dots in Fig. 2) . We thus derive a fraction of IR-excess WDs due to brown dwarf companions of 0.10±0.05%. If we assume that the IR excess of all WDs expected to harbour companions in Tables 3-4 is due to a brown dwarf rather than due to a low-mass star, the percentage increases to 0.20±0.05%, or 0.23±0.05% if we take into account the incompleteness of our sample. Our results are in agreement with the expected value of <0.5% claimed by Farihi et al. (2005) .
Finally, it is worth mentioning that all IR-excess WD candidates found in this study are classified to be members of the Galactic thin disk, according to the Random Forest identification algorithm we presented in Torres et al. (2019) . The proportion of WDs within the Gaia 100 pc sample belonging to the thin/thick disk within the colour limits considered (G BP − G RP <0.8 mag) is expected to be 96.5:3.5 (Torres et al. 2019) , which translates into an expected number of ≃74 thin disk and ≃3 thick disk IR-excess WDs among our 77 identified objects. Thus, the expected number of thick disk WDs is at odds with the observed value. Given that thick disk WDs are generally old ( > ∼ 9 Gyr), and taking into account that the fraction of IR-excess WDs drops for cooler (hence generally older) objects, the discrepancy between the expected and the observed number of thin/thick disk IRexcess WDs seems to be naturally explained.
CONCLUSIONS
We have analysed the SEDs of 3,733 WDs within 100pc from the Gaia volume-limited sample of Jiménez-Esteban et al. (2018) with reliable IR photometry and with G BP − G RP colours below 0.8 mag with the aim of detecting IR excess candidates. The search has resulted in 77 identifications, 52 of which are new. 33 additional WDs have been also identified as potential IR-excess candidates. However, the fact that no near IR photometry is available in these cases makes the reliability of the dectections less certain. We have provided the largest volume-limited sample of IR excess WD candidates to date, which represents a fraction of 2.6±0.3% of the sample analysed in this work. Having this large number of WD candidates for harbouring a circumstellar disk at hand opens up the possibility to considerably increase our understanding of the properties of extreme planetary systems. A similar exercise to the one performed in this work but for the entire Gaia sample of WDs is encouraging. Even though the Gaia WD catalogue icluding WDs at all distances is magnitude-rather than volume-limited, such an analysis would result in the identification of many additional WDs displaying IR-excess, important for future follow-up studies. thank the anonymous referee for her/his suggestions and comments.
APPENDIX A: ONLINE CATALOGUE SERVICE
In order to help the astronomical community on using the catalogue of WDs with infrared excess identified in this work, we have developed an archive system that can be accessed from a webpage 9 or through a Virtual Observatory ConeSearch 10 .
The archive system implements a very simple search interface that permits queries by coordinates and range of effective temperatures, surface gravities and masses. The user can also select the maximum number of sources to return (with values from 10 to unlimited).
The result of the query is a HTML table with all the sources found in the archive fulfilling the search criteria. The result can also be downloaded as a VOTable or a CSV file. Detailed information on the output fields can be obtained placing the mouse over the question mark ("?") located close to the name of the column. The archive also implements the SAMP 11 (Simple Application Messaging) Virtual Observatory protocol. SAMP allows Virtual Observatory applications to communicate with each other in a seamless and transparent manner for the user. This way, the results of a query can be easily transferred to other VO applications, such as, for instance, Topcat.
